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(54) Method of preventing interference of adjacent frequencies in a cellular system by selection 
between adjacent carrier frequency and non-adjacent carrier frequency 



(57) A method of preventing interference of adja- 
cent frequencies which selects and uses a carrier fre- 
quency which is not adjacent to another carrier 
frequency is disclosed. A cellular system A is composed 
of a plurality of base stations and a mobile station, and 
a cellular system B is composed of a plurality of other 
base stations and another mobile station. For cellular 
system A, a carrier frequency adjacent to a carrier fre- 
quency used in cellular system B and a carrier fre- 
quency not adjacent thereto are determined. If a 
received power of a perch channel sent by a base sta- 
tion of cellular system B is larger than a threshold value, 
the mobile station uses the carrier frequency which is 
not adjacent to carrier frequency used in cellular system 
B. 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention: 

[0001 J The present invention relates to a method of preventing interference of adjacent frequencies in a cellular sys- 
tem, and more particularly to a method of preventing interference of adjacent frequencies in a cellular system that may 
be caused by adjacent carrier frequencies for uplink channels used by the independent cellular systems. 

2. Description of the Related Art: 

l( m°i ] ^l n 96nera1, 3 s P ecified fr «l"ency band is allocated to a cellular system, and a plurality of carrier frequencies 
which different frequencies are predetermined within this frequency band. A mobile station establishes a channel 
between itself and a base station in an service area using the carrier frequencies to perform two-way communication 
therebetween. The base station and the mobile station are designed so as to control leakage power into frequency 
bands adjacent to both sides of the used earner frequency as little as possible. However, the leakage power can not be 
fu ly suppressed, so that an interference signal power is supplied to a signal of an adjacent frequency at predetermined 
rate In one cellular system, each of the mobile stations establishes a channel between itself and the base station clos- 
est to it to perform communication. In an uplink channel which is a channel established from a mobile station to a base 
station, the transm.ss.on power of the uplink channel for transmitting a signal from the mobile station to the base station 
is controlled such that the difference between received powers of the signals from the mobile station, received by the 
base station may not be large. For this reason, an interference signal power supplied from a signal of an adjacent fre- 
quency becomes smaller than a desired signal power. On the other hand, in a downlink channel which is a channel 
established from a base station to a mobile station, if a transmission power of the base station is constant, an interfer- 
ence signal power from signals transmitted on a frequency adjacent to that of a desired wave signal reaches the mobile 
station through the same transmission path to be attenuated similarly. Accordingly, the interference signal power from 
the signal having a frequency adjacent to that of the desired wave signal is smaller than the desired signal power Thus 
in one cellular system, such interference of adjacent frequencies may not pose a serious problem 
[0003] However, the interference of adjacent frequencies may pose a serious problem when another cellular system 
having an allocated frequency band adjacent to the frequency band of the particular cellular system establishes a base 
station in the same service area and communicates with a mobile station. 

[0004] As shown in Fig. 1 , for example, when mobile station 221 located near base station 261 belonging to the other 
cellular system establishes a channel and communicates with base station 211. it sends a signal with a power suffi- 
ciently large for reception to base station 21 1 remote from mobile station 221 . so that the signal is also received with a 
large power by base station 261. When mobile station 271 establishing a channel with base station 261 controls the 
transmission power so that the received power is not too large at base station 261 . only the received signal from mobile 
1 ^ exceedin 8'y lar 9 e - At tnis « me , when a signal of a carrier frequency adjacent to a carrier frequency 
used for the transmission of mobile station 221. is used for the transmission by mobile station 271 the interference of 
adjacent frequences of the transmitted signal of mobile station 221 will be large at base station 261 . thereby deterio- 
rating a receiving quality of the signal from mobile station 271 . 

[0005] One of solutions to such a problem is to make an interval between carrier frequencies used in different cellular 
systems wider than that between the carrier frequencies used in the same cellular system. Because the spacing 
between the carrier frequencies among the cellular systems becomes wider, this solution is disadvantageous in reduc- 
ing | utilizaton efficiency of frequency bands. However, in a cellular system using many narrow band signals, the spacing 
between the carrier frequencies small as compared with the total of the frequency band, so that the reduction in the uti- 
lization efficiency is not so serious. On the other hand, in a cellular system in which a small number of wide band signals 
in the same frequency band are used, the spacing between the frequency bands is large as compared with the total of 
the frequency bands, thus significantly reducing the utilization efficiency. 
so [0006] An approach to prevent interference between the cellular systems, has been proposed wherein prior to the 
start of transmission of an uplink channel by the use of a certain carrier frequency at a mobile station, interference sig- 
na power of a carrier frequency of a downlink channel used in conjunction with the carrier frequency of an uplink chan- 
nel is measured, and when an interference signal power from a carrier frequency of an adjacent frequency is large a 
earner frequency other than that carrier frequency is used. However, in this approach, a certain combination of a carrier 
55 frequency of an uplink channel and a carrier frequency of a downlink channel must be used 

[0007] Furthermore, in a cellular system which adopts a code division multiple access method (CDMA) as a radio 
access method, despite a certain combination of earner frequencies for an uplink channel and carrier frequencies for a 
downlink channel, signals to be transmitted to many mobile stations are multiplexed onto a signal of one carrier fre- 
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quency of this reason, a received power of signals transmitted to other mobile stations using the same carrier frequency 
is received with an interference signal power from a signal of an adjacent carrier frequency mixed. Thus, despite the 
measurement of the received power, the interference signal power from the adjacent carrier frequency can not be 
obtained. Accordingly, with this method, it is impossible to prevent the interference from the adjacent carrier frequency. 

5 [0008] Furthermore, since a transmitter in the mobile station has typically a simpler construction as compared with 
the base station, it has sometimes a low suppression of a leakage power into an adjacent carrier frequency. Therefore, 
when a certain mobile station is located near a base station belonging to another cellular system and the mobile station 
performs a transmission using adjacent carrier frequencies for an uplink channel as well as for a downlink channel, the 
mobile station is able to continue the communication with a good quality without being applied with an interference of 

10 adjacent frequencies because of a low leakage power from transmitting signals of the base station to the adjacent car- 
rier frequency. However, because of a large leakage power from transmitting signals from the mobile station to an adja- 
cent carrier frequency. A mobile station may cause an one-sided interference obstacle to the base station. 
[0009] Although such interference of adjacent frequencies presents no problem when starting a communication, it 
may be a problem during the communication because as a mobile station may approach a base station belonging to 

is another cellular system, as it moves during the communication. 

SUMMARY OF THE INVENTION 

[0010] It is an object of the present invention to provide a method of preventing interference of adjacent frequencies 
20 which is capable of preventing a degradation of communication quality due to an interference between carrier frequen- 
cies adjacent to each other, without widening the frequency interval of signals used in different cellular systems. 
[001 1 ] When two cellular systems utilizing frequency bands adjacent to each other for an uplink channel, are provided 
in a same service area, and signal for the uplink channel used by a mobile station of one cellular system may cause 
interference of adjacent frequencies to a mobile station of the other cellular system, the method of preventing an inter- 
ns ference of adjacent frequencies in a cellular system according to the present invention is used for preventing an inter- 
ference to a base station of another cellular system from a signal of an uplink channel used by a mobile station of one 
cellular system. 

[0012] To achieve the foregoing object, in the method of preventing interference of adjacent frequencies of a cellular 
system according to the present invention, a mobile station of the one cellular system measures a received power of 

30 transmitting signals transmitted from a base station of the other cellular system present around the mobile station of one 
cellular system. If the measured value is larger than a threshold value, the mobile station selects and uses a carrier fre- 
quency not adjacent to a carrier frequency as a carrier frequency of an uplink channel used in the other cellular system. 
[0013] The mobile station of one cellular system measures a received power of transmitting signals transmitted from 
a base station of another cellular system, whereby a amount of the interference of adjacent frequencies given to the . 

35 base station of the other cellular system by the mobile station of one cellular station is measured. If the interference of 
adjacent frequencies is larger than a threshold value, it is decided that the amount of the interference of adjacent fre- 
quencies received by the base station of the other cellular system exceeds an allowable value. When the mobile station 
selects a carrier frequency of the uplink channel, the mobile station selects and uses a nonadjacent carrier frequency 
as uplink channel, in order to prevent the interference of adjacent frequencies to the base station. As a result, the inter- 

40 ference of adjacent frequencies to the base station by the mobile station can be prevented. 

[0014] Further, according to this embodiment of the present invention, the threshold value is determined based on 
the amount of suppression of leakage power from an adjacent frequency of the mobile station. 
[0015] According to another embodiment of the present invention, the threshold value is determined based on a 
received power of transmitting signals transmitted from a base station of the one cellular system. 

45 [001 6] According to another embodiment of the present invention, the threshold value is determined based on a dif- 
ference between a transmission power of transmitting signals transmitted from a base station in which a channel is 
established with a mobile station, and a transmission power of transmitting signals transmitted from a base station of 
the other cellular system present around the mobile station. 

[0017] In another method of preventing interference of adjacent frequencies in a cellular system according to the 
so present invention, when a mobile station of the one cellular system receives a downlink channel continuously, the 
mobile station preferentially uses a carrier frequency not adjacent to a carrier frequency of a signal of an uplink channel 
used in the other cellular system. When the mobile station of one cellular system intermittently receives the downlink 
channel, the mobile station measures a received power of transmitting signals transmitted from a base station of 
another cellular system present around the mobile station. If the measured value is larger than a threshold value, when 
55 the mobile station selects a carrier frequency of a signal of an uplink channel to be used, the mobile station selects and 
uses a carrier frequency not adjacent to the carrier frequency of the signal for the uplink channel used in the other cel- 
lular system. 

[0018] In another method of preventing interference of adjacent frequencies according to the present invention, the 
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cation witha base station, the mobile station measures a received power of a carrier frequency directed by the base 
station, and informs the base station of the measurement result of the received power, using a carrier frequency which 
is not adjacent to a carrier frequency of another cellular system. Upon receipt of the measurement result from the 
mobile station, if the received power measured is larger than a threshold value, the mobile station selects a non-adja- 
5 cent frequency. If the received power measured is smaller than the threshold value, the mobile station arbitrarily selects 
a carrier frequency which can be used, among allocated carrier frequencies. 

[0029] In another method of preventing interference of adjacent frequencies of a cellular system according to the 
present invention, a mobile station of one cellular system measures a received power of transmitting signals transmitted 
from a base station of another cellular system present around the mobile station, and sends the measured value to a 

10 base station in which a channel is established with the foregoing mobile station. If the measured value is larger than a 
threshold value, when the base station selects a carrier frequency of a signal of an uplink channel to be used by the 
mobile station, the base station to which the measured value is transmitted selects a carrier frequency which is not adja- 
cent to a carrier frequency of a signal of an uplink channel that is being used in another cellular system, and informs 
the foregoing mobile station of it. Then, the mobile station uses the informed carrier frequency as uplink channel. 

is [0030] In the present invention, a mobile station of one cellular system measures a received power value of transmit- 
ting signals transmitted from a base station of another cellular system, and reports the measurement result to a base 
station of one cellular system, in which a channel is established with the mobile station of one cellular system, whereby 
the base station of one cellular system decides a magnitude of an interference of adjacent frequencies which is given 
to a base station of another cellular system by the mobile station of one cellular system. If the magnitude is larger than 

20 a threshold value, the base station of one cellular system decides that the amount of the interference of adjacent fre- 
quencies given to the base station of another cellular system from the mobile station of one cellular system is more than 
an allowable value. When the mobile station selects a carrier frequency of an uplink channel used, the mobile station 
selects a non-adjacent carrier frequency as uplink channel in order to prevent the interference of adjacent frequencies 
given to the base station of another cellular system, and the mobile station uses the non-adjacent carrier frequency. 

25 [0031 ] Therefore, the interference of adjacent frequencies which is to be given to the base station of another cellular 
system by the mobile station of one cellular system can be prevented. 

[0032] The above and other objects, features and advantages according to the present invention will become appar- 
ent from the following description with reference to the accompanying drawings which illustrate examples according to 
the present invention. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0033] 

35 Fig. 1 is an explanatory view of a relationship of transmitting/receiving signal between a base station and a mobile 
station with an interference of adjacent frequencies; 

Fig. 2 is a view showing the configuration of a cellular system according to a first embodiment according to the 
present invention; 

Fig. 3 is an explanatory view of frequency arrangement in the cellular system in Fig. 2; 
40 Fig. 4 is a diagram showing a frame structure; 

Fig. 5 is a diagram showing a variation in a received power due to phasing; 

Fig. 6 is a flowchart showing an operation of a mobile station in the cellular system of Fig. 2; 

Fig. 7 is a flowchart showing a frequency allocation operation of a base station in the cellular system of Fig. 2; 

Fig. 8 is a flowchart showing a frequency change operation of the mobile station in the cellular system of Fig. 2; 
45 Fig. 9 is an explanatory view of relationship of transmitting/receiving signals between a base station and a mobile 

station with interference of adjacent frequencies; 

Fig. 10 is a flowchart showing an operation of a mobile station in a cellular system according to a third embodiment 
according to the present invention; 

Fig. 1 1 is a flowchart showing an operation of a mobile station in a cellular system according to a fifth embodiment 
so according to the present invention ; 

Fig. 12 is a flowchart showing an operation of a mobile station in a cellular system according to a sixth embodiment 
according to the present invention; 

Fig. 13 is a flowchart showing a frequency allocation operation of a base station according to the sixth embodiment 
according to the present invention; 
55 Fig. 14 is a flowchart showing an operation of a mobile station according to a seventh embodiment according to the 
present invention; 

Fig. 15 is showing a configuration of a cellular system according to a ninth embodiment according to the present 
invention; 
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in cellular system A. At this time, by measuring the received power of the perch channel, each of mobile stations 21 and 
71 measures the received power of the transmitting signal of the base stations. 

[0046] Mobile stations 21 and 71 usually receive the communication channel for the downlink channel continuously. 
However, when there is an idle-time in the transmission of the downlink channel, the mobile stations 21 and 71 inter mit- 

5 terrtly receive the communication channel of the downlink channel. When mobile station 21 intermittently receives com- 
munication channel 41, mobile station 21 measures the received power of the perch channel of base stations 61 to 63 
in cellular system B using the idle-time when the communication channel is not received,. Mobile station 71 also meas- 
ures the received power of the perch channel of base stations 1 1 to 13 in cellular system A using the idle-time similarly. 
[0047] Each of the mobile stations switches over the measurement instruments for the measurement of the received 

10 power of the perch channel for a short period of time in unit of slot as shown in Fig. 4, to measure the received down 
the perch channels of the plural base stations once for each frame. 

[0048] Since one frame of 1 0 ms is composed of six slots in the example shown in Fig. 4, it is possible to perform the 
measurement for up to six base stations. Thus, the mobile station measures the plural perch channels concurrently. 
[0049] When a mobile station moves, the instantaneous value of the received power of the perch channel varies in a 

15 short cycle with time as shown in Fig. 5. A mobile station measures a received power for the frames by the number cor- 
responding to a sufficiently long time as compared with the cycle the variation in the instantaneous value of the received 
power at the time the mobile station moves, and obtains the median of the measurement value in these slots. 
[0050] When starting perform communication, a mobile station establish a channel between itself and a base station 
whose median of the received power of the perch channel is at a maximum. During the communication, with the move- 

20 ment of the mobile station, the received power of the perch channel varies. When the base station Whose median of 
the received power of the perch channel is at a maximum is ranged others, the mobile station performs an inter-base 
station handover for changing a base station in which a channel is to be established. 

[0051] Each of base stations 1 1 to 13 and 61 to 63 includes a measurement instrument (not shown) for measuring a 
ratio of a desired signal power of an uplink channel to an interference signal power of the uplink channel (hereinafter 

25 referred to as a SIR: Signal interference Ratio). The base station measures the SIR upon each receipt of a slot of com- 
munication channel of the uplink channel. For controlling transmission power the mobile station of the uplink channel, 
the base station informs control command to increase power when the SIR measured every slot is smaller than a target 
value, and a control command to decrease power. When the SIR is larger than the target value. The mobile station con- 
trols the transmission power based on the control command transmitted from the base station in which a line is estab- 

30 lished with the mobile station. Thus in each of the base stations, the SIR of the signal transmitted from the mobile 
station in which a channel is established with the base station will be close to the target value. 
[0052] In this embodiment, carrier frequencies Fa1 to Fa3 of the uplink channel and carrier frequencies Ga1 to Ga3 
of the downlink channel are set for each of base stations 1 1 to 13. Further, carrier frequencies Fb1 to Fb3 of the uplink 
channel and carrier frequencies Gb1 to Gb3 of the downlink channel are set for each of base stations 61 to 63. 

35 [0053] Base stations 1 1 to 13 of cellular system A obtain information concerning central frequencies of carrier fre- 
quencies Fb1 to Fb3 of the downlink channel used by cellular system B, as well as information concerning codes used 
in perch channels through a communication network to which a control station in cellular system B is connected. The 
code refers to a spreading code used at the time of spreading modulation. The information is conveyed to mobile station 
21 using the perch channels of carrier frequencies Ga1 to Ga3 of the downlink channel. 

40 [0054] From the information that is being reported from base stations 1 1 to 13, mobile station 21 can get carrier fre- 
quencies Ga1 to Ga3 of the downlink channel used by base stations 61 to 63 of cellular system B and the spreading 
code used in the transmitted perch channel. Mobile station 21 can measure the received power of the perch channel 
transmitted from each of base stations 61 to 63 using the information of spreading code and the carrier frequencies. 
[0055] As discussed above, from the information concerning the central frequency of the perch channel of another 

45 cellular system, it is possible to set the carrier frequency which can receive the perch channel. In addition, by informing 
the code of the informed perch channel of another cellular system, the mobile station can receive the perch channel if 
it searches only for the informed code. Therefore, the mobile station is able to easily receive the perch channel. In this 
manner, the mobile station measures also the received power of the perch channel transmitted by the base station of 
another cellular system. 

so [0056] It is assumed that in mobile station 21 in this embodiment, the received power of perch channel 31 among the 
perch channels transmitted by the base station of cellular system A is at a maximum. Mobile station 21 thus establishes 
a channel with base station 1 1 . A transmission from base station 1 1 to mobile station 21 is performed on communica- 
tion channel 41 of the downlink channel, while a transmission from mobile station 21 to base station 1 1 is performed on 
communication channel 51 of the uplink channel. 

55 [0057] On the other hand, in mobile station 71 , it is assumed that the received power of perch channel 81 among the 
perch channels transmitted by the base station of cellular system B is at a maximum. Mobile station 71 establishes com- 
munication channel 91 of the downlink channel and communication channel 101 of the uplink channel together with 
base station 61, and performs communication with base station 61. Further, mobile station 21 of cellular system A 
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603. Instep 602, if the request for the "allocation ofthe camerT«ju¥ncy~recw station 21 is a request 

for the allocation of either the non-adjacent carrier frequency or the adjacent carrier frequency, base station 1 1 decides 
the allocation of any of the non-adjacent and adjacent carrier frequencies in step 604. 

[0071] Finally, in step 605, base station 1 1 transmits the decided allocation of the carrier frequency to mobile station 

5 21 , which corresponds to step 705 in the flowchart of Fig. 6. 

[0072] As shown in Fig. 8, after base station 1 1 starts the communication with mobile station 21 , upon receipt of the 
report from mobile station 21 , in step 721 base station 1 1 determines the sort of the notice in step 722. The notice from 
mobile station 21 involves request for allocation of the non-adjacent carrier frequency in step 71 0 of the flowchart of Fig. 
6 and request for allocation of the adjacent carrier frequency in step 71 2. Further, nothing may be included in the notice. 

w [0073] If the notice received from mobile station 21 is to inform the allocation of the non-adjacent carrier frequency in 
step 722, base station 1 1 decides the change of the carrier frequency to the non-carrier frequency in step 723. 
[0074] If the report received from mobile station 21 is to inform that the adjacent carrier frequency can be allocated 
in step 722, base station 1 1 compares the load of the carrier frequency now in use with the load of the adjacent carrier 
frequency in step 724. 

is [0075] If the load of the carrier frequency now in use is greater than the load of the adjacent carrier frequency in step 
724, base station 1 1 decides the change of the carrier frequency to the adjacent carrier frequency in step 725. If the 
load of the carrier frequency now in use is equal or smaller than the load of the adjacent carrier frequency in step 724, 
base station 1 1 does not change the carrier frequency now in use. 

[0076] If the base station 1 1 does not receive a notice from mobile station 21 in step 722, base station 11 does not 
20 change the carrier frequency now in use. 

[0077] Finally, in step 726, base station 1 1 transmits a notice of the change of the decided carrier frequency to mobile 
station 21 , which corresponds to step 713 in the flowchart of Fig. 6. 

[0078] When mobile station 21 uses the non-adjacent carrier frequency for a signal of the uplink channel, mobile sta- 
tion 21 uses either carrier frequency Ga1 or carrier frequency Ga2 in which a signal of the uplink channel is also not 
25 adjacent to a signal of cellular system B. When mobile station 21 uses the adjacent carrier frequency as a signal of the 
uplink channel, it selects and uses any signal of the downlink channel among carrier frequencies Ga1 to Ga3. 
[0079] Next, a method of setting threshold Qth1 used in the above descriptions will be described with reference to 
Fig. 9. 

[0080] Fig. 9 shows a case when in the cellular system shown Fig. 2, base station 1 1 transmits a perch channel and 
30 communication channel of a downlink channel using carrier frequency Ga3, base station 61 a perch channel and a 
communication channel of the downlink channel using carrier frequency Gbi , base station 21 a communication channel 
of an uplink channel using carrier frequency Fa3, and base station 71 a communication channel of the uplink channel 
using carrier frequency Fb1. For this reason, in Fig. 9, the communication channel of the uplink channel of base station 
21 using carrier frequency Fa3 causes interference of adjacent frequencies to the communication channel of the uplink 
35 channel of mobile station 71 . 

[0081] The transmission power of the perch channel of base station 61 is denoted by Pp2, and the received power 
Qp2 in its mobile station is denoted by Qp2. Furthermore, the transmission power of mobile station 21 is denoted by 
Pt1 ; the received power in base station 1 1 of the signal from mobile station 21 , Qt1 ; and the adjacent frequency from 
mobile station 21 in base station 1 1 , Qintf. 
40 [0082] Further, the propagation loss between base station 61 and mobile station 21 is denoted by L2, and the sup- 
pression amount of the leakage power to the adjacent frequency is denoted by Aadj. Qp2, Qt1 , Qintf and L2 denote a 
short interval median excluding a variation in phasing, and it is assumed that the propagation loss of the uplink channel 
and the propagation loss in the are equal to each other. A relationship between propagation loss L2, transmission 
power Pp2 of the perch channel and received power Qp2 is expressed by the following equation:. 

45 

L2=Pp2-Qp2 (1) 

[0083] Further, when the transmitter of mobile station 21 is configured such that the power of the interference of adja- 
cent frequencies from carrier frequency Fa3 to Fb1 in base station 61 is smaller than the received power of carrier fre- 
so quency Fa3 by suppression amount Aadj, interference of adjacent frequencies signal power Qintf is computed by the 
following equation:. 

Qintf=Pt1-L2-Aadj (2) 
= Pt1-Pp2 + Qp2-Aadj 

55 

[0084] When the permissible value of the adjacent frequency power of base station 61 is denoted by Qintfmax, the 
condition in which the interference of adjacent frequencies signal power is made to be equal to or less than the permis- 
sible value is expressed by the following equation:. 
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Qintfmax > Qintf > Pt1 -Pp2 + Qp2-Aadj ^ 
[0085] When the equation (3) is modified, the following equation (4) can be obtained. 

Qp2 < Qintfmax + Aadj + Pp2-Pt1 (4) 

of the interference of adjacS *~ enc X ""T" l^^- ,he COndi1ion in «"* the W 

is expressed 

Qp2 < Qintfmax + Aadj + Pp2-Pmax 

Qth1 = Qintfmax + Aadj + Pp2-Pmax /cx 

I 6 ) 

the transmission power I Cs« as S£ ! 2 stown SSI? *? IS l 0 * 3 " 1 "* threshoW QW ■ •» minimum value of 

the permissible value, the ■^^hSSJES III J T^°r 1 40 be to 0r less * an 

transmission with the marfmum1!S^^5.^^f" t " ne ■ th0U9h the mobile s,ation P erforms 
or less than the aUowaw3uT tranSm ' SS,0n the adjacent fre < ue "<* interference signal power will be equal to 

such that it is capable of CS^Sfr^ ^ * iS ■ reund *• ****** station - is 

Second EmhnHimont 
Third Emfaxtimorfl 

-WwS^^ " 10 T"* 6856 «« 61 to » - V the mobi.e station 

measures the m^JSSSSSlS^^ in ,he perch the mobi.e station 

missionpower. ° ,me ^ rChchanneUhe ^ ,lest ^ 

Ens " ^ ^ ™* -» 21 sa * a signal of the uplink tftanne. and 
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[0097] "Descriptions for an operation of base station 1 1 in this embodiment"are omitted because it is equivalent to that 
of base station 1 1 in the first embodiment described by the flowchart of Figs. 7 and 8. 

[0098] When a request for a communication with base station 1 1 occurs, mobile station 21 measures received power 
Qp1 of the perch channel of base station 1 1 in cellular system A in step 801. Further, in step 802, mobile station 21 

5 measures received power Qp2 of the perch channel of base station 61 in cellular system B in step 802. In step 803, 
mobile station 21 decides whether or not received power Qp2 is larger than the sum of received power Qp1 and thresh- 
old Qth2. In step 803, when received power Qp2 is larger than the sum of received power Qp1 and threshold Qth2, 
mobile station 21 requests from base station 1 1 the non-adjacent carrier frequency which is not adjacent to carrier fre- 
quencies Fb1 to Fb3 of cellular system B in step 804. At this time, base station 1 1 determines the allocation of either 

10 carrier frequency Fa1 or carrier frequency Fa2 which is not adjacent to carrier frequency Fb3 as a signal of the uplink 
channel, and reports information concerning the allocation to mobile station 21. 

[0099] On the other hand, in step 803, when received power Qp2 is equal to or less than the sum of received power 
Qpl and threshold Qth2, mobile station 21 requests either the non-adjacent carrier frequency or the adjacent carrier 
frequency from base station 1 1 in step 805. At this time, base station 1 1 determines the allocation of a signal of the 
is uplink channel among carrier frequencies Fa1 to Fa3, and reports information concerning the allocation to mobile sta- 
tion 21. Thus, in step 806, base station 1 1 determines the carrier frequency allocated according to the request from 
mobile station 21 and reports to mobile station 21 this determination, and then mobile station 21 receives the allocation 
report. 

[0100] Then, in step 807, mobile station 21 starts the communication using the carrier frequency reported from base 

20 station 11. In step 808, even during the communication with base station 11, mobile station 21 measures received 
power Qp1 of the perch channel of base station 1 1 with which a channel is established. Then, in step 809, mobile sta- 
tion 21 measures also the received powers of the perch channels of base stations 61 to 63 in cellular system B, and the 
received power of the perch channel of the base station closest to mobile station 21 is assumed to be received power 
Qp2, which exhibits the maximum received power among them. 

25 [0101] Then, in step 810, mobile station 21 decides whether or not received power Qp2 is larger than the sum of 
received power Qp1 and threshold Qth2. In step 810, when received power Qp2 is larger than the sum of received 
power Qp1 and threshold Qth2, mobile station 21 decides whether or not the adjacent carrier frequency is being used 
in step 81 1 . In step 81 1 , when the adjacent carrier frequency is being used in step 81 1 , mobile station 21 requests the 
allocation of the non-adjacent carrier frequency from base station 1 1 in step 812. Upon receipt of this request, base sta- 

30 tion 1 1 determines the allocation of a signal of the uplink channel from carrier frequencies Fa1 and Fa2, and reports 
information concerning the allocation to mobile station 21. In step 810, when received power Qp2 is equal to or less 
than the sum of received power Qp1 and threshold Qth2, in step 81 3 mobile station 21 decides whether or not the non- 
adjacent carrier frequency is being used. In step 813, when the non-adjacent carrier frequency is being used, mobile 
station 21 reports that it is possible to use the adjacent carrier frequency to base station 11 , in step 814. Base station 

35 1 1 receives this report. At this time, when the number of the base stations using the carrier frequency now in use is 
close to a channel capacitance limit and the number of mobile stations using the carrier frequency Fa3 is small, base 
station 1 1 performs the change of the carrier frequency to carrier frequency Fa3. When the change of the carrier fre- 
quency is performed, base station 1 1 reports to mobile station 21 the determination of the carrier frequency change. 
[0102] Next, in step 815, mobile station 21 decides whether or not mobile station 21 has received the report of the 

40 carrier frequency change. In step 815, when mobile station 21 has received the report, mobile station 21 changes the 
carrier frequency according to the report in step 816. Furthermore, in step 817, mobile station 21 decides whether or 
not the communication has been terminated, if the communication has not been terminated, mobile station 21 contin- 
ues the communication, and iterates the procedures from step 808. 

[0103] When the non-adjacent carrier frequency is used for a signal of the uplink channel, carrier frequency Ga1 or 
45 Ga2 which is not adjacent to the carrier frequency of cellular system B is used also as a signal of the downlink channel. 
Moreover, when the adjacent carrier frequency is used as a signal of the uplink channel, a signal of the downlink chan- 
nel is selected among carrier frequencies Ga1 to Ga3, and used. 

[0104] Next, a method for setting threshold Qth2 in this embodiment will be described with reference to Fig. 9. 
[0105] Similarly to the first embodiment, the condition in which the interference of adjacent frequencies signal power 

so is equal to or less than the allowable value is given by the following equation (4). 

[0106] The transmission power of the perch channel of base station 1 1 is denoted as Pp1 , the transmission power in 
its mobile station 21 is denoted as Qp1, and the propagation loss between base station 11 and mobile station 21 is 
denoted as L1 . Hereupon, Pp1 , Qp1 and L1 denote a short interval median. There is a relationship among propagation 
loss L1, transmission power Pp1 of the perch channel and received power Qp1, which is expressed by the following 

55 equation (7). 

L1=Pp1-Qp1 (7) 
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Qtgt=Qti 

-PM-L1 (9) 
=Pt1-Pp1+Qp1 1 1 

Pt1 = Qtgt + Ppl-Qpi 
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Qp2 < Qpl + Qintfmax-Qtgt + Aadj + Pp2-Ppi 
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ESmH ^SXS^S^ 21 ^ 31 - channel 81 that h ^ 

Pp2 perch channels 31 and 81 that are being traSS Jr^IZ f^*" transmi ^0" Powers PpTand 
[0113 According to this method, when the irterfaw^ ^V** 008 1 1 and 71. respectively. 
condrt.on for allowing it to be equal to or II 2?E?i2 2 ' ,requencies "«» the equation f 1 1 ) that is a 
used. At this time, the mobile Znc^SZZ^J ^ ^ * 6 «* lcent ^ kWkZ^ 

satafy the condrtron of the equation (1 1). the non-adiacenV ,nterference of accent frequencies*^ not 
40 Fourth Effibodimgg, 

system B by utfeh, m idle . ame a dowirSST^ P . " "*™ «' » 63 H cete 

l»"SJ When the caitmunicalion lequest to interm«t.nar,„ 61 to 63 in cellular system 8. 
M«n In m*.. 2,. tJI£ 7 522^'?' <*■""« « «•» <to»n„to cte yy 

~^™br s ^ 

ohanne, of m e ton* In c. u. ^ystom 'a ** * " C " MMe <* ™~*« •» po.W « 

1 "*~^^-^'~~H l M 1 *.«^ lft . t- 



30 



35 



BNSDOCID: <EP 0946072A1 



12 



EP0 946 072 A1 



embodiment, and the base station never allocates the adjacent carrier frequency to the mobile station which has no so- 
called idle downlink channel because of continuous receipt of the communication channel of the downlink channel. 

Fifth Embodiment 

5 

[0122] Next, a method of preventing interference of adjacent frequencies in a cellular system according to a fifth 
embodiment of the present invention will be described. 

[0123] This embodiment is applied to the cellular system shown in Fig. 2 similarly to the first embodiment. 
[01 24] Base stations 1 1 to 1 3 and base stations 61 to 63 notify information concerning the transmission power of the 
w perch channel itself in the perch channel, and the mobile station receives the information concerning the transmission 
power when the mobile station measures the received power of the perch channel. 

[0125] The mobile station in this embodiment computes the upper limit Pmaxtmp of the transmission power which 
allows the interference of adjacent frequencies to be equal to or less than the allowable value, when the adjacent carrier 
frequency is used. Moreover, the mobile station obtains received power Qmax of the base station at that time from 
is upper limit Pmaxtmp. When upper limit Pmaxtmp is smaller than received power Qtgt, the mobile station request the 
allocation of the adjacent carrier frequency from the base station. 

[0126] Fig. 1 1 is a flowchart showing an operation when mobile station 21 sets a signal of the channel to perform the 
communication. 

[0127] An operation of base station 1 1 in this embodiment is the same as that of base station 11 in the first embodi- 

20 ment described by the flowchart of Figs. 7 and 8, and descriptions for it are omitted. 

[0128] When the request for the communication with base station 1 1 occurs, mobile station 21 measures received 
power Qp1 of the perch channel of base station 11 in cellular system A in step 901. Furthermore, mobile station 21 
measures received power Qp2 of the perch channel of base station 61 in cellular system B in step 902. Then, in step 
903, when the adjacent carrier frequency is used, mobile station 21 computes the upper limit Pmaxtmp of the transmis- 

25 sion power which allows the interference of adjacent frequencies to be equal to or less than the allowable value, and 
computes received power Qmax in base station 1 1 at the time of that transmission power in step 904. 
[0129] Next, in step 905, mobile station 21 decides whether or not received power Qtgt at the time when SIR of the 
signal of the uplink channel in the base station comes to be the target value is larger than received power Qmax. In step 
905, if received power Qtgt is larger than received power Qmax, since with the usage of the adjacent carrier frequency 

30 it is impossible to make SIR larger than the target value in spite of the fact that the transmission power is made to be 
larger than upper limit Pmaxtmp, mobile station 21 requests from base station 1 1 the adjacent carrier frequency which 
is not adjacent to carrier frequencies Fb1 to Fb3 of cellular system B. At this time, base station 1 1 determines the allo- 
cation of either carrier frequency Fa1 or Fa2 which is not adjacent to carrier frequency Fb3, as a signal of the uplink 
channel, and reports information concerning the allocation to mobile station 21. In step 905, when received power 

35 Qmax is equal to or less than received power Qtgt, since in spite of the use of the adjacent carrier frequency, SIR of the 
signal of the uplink channel can be made to be more than the target value while keeping the transmission power equal 
to or less than the upper limit Pmaxtmp, mobile station 21 reports that the it is possible to use adjacent carrier frequency 
to base station 1 1 in step 907. 

[01 30] At this time, base station 1 1 determines the signal of the uplink channel to be allocated among carrier f requen- 
40 cies Fa1 to Fa3, and reports information of the allocation to mobile station 21. As described above, base station 11 
determines the carrier frequency to be allocated in response to the request from mobile station 21, and reports it to 
mobile station 21 . Upon receipt of the new allocation report of the carrier frequency, mobile station 21 set the reported 
carrier frequency in step . When the adjacent carrier frequency is set, upper limit Ptmax of the transmission power is 
made to be equal to upper limit Pmaxtmp in step 912. When the carrier frequency other than the adjacent carrier fre- 
45 quency is set, maximum transmission power Pmax of the transmitter of mobile station 21 is made to be equal to upper 
limit Ptmax of the transmission power. 

[0131] Then, mobile station 21 set the upper limit of the transmission power to Ptmax and starts the communication. 
During the communication, mobile station 21 repeats the procedure from step 901 , and when mobile station 21 receives, 
the report of the frequency change in step 909, mobile station 21 sets the carrier frequency, and updates also upper 

so limit Ptmax of the transmission power. 

[0132] When the non-adjacent carrier frequency is used for the signal of the uplink channel, Ga1 or Ga2, that is the 
carrier frequency which is not adjacent to the carrier frequency of cellular system B, is used also as the signal of the 
downlink channel. Moreover, when the adjacent carrier frequency is used as a signal of the uplink channel, the signal 
of the downlink channel is selected from among Ga1 to Ga3 and used. . 

55 [0133] Next, a method for setting Pmaxtmp and Qmax in this embodiment will be described with reference to Fig. 9. 
[0134] In this embodiment, since the relationship of the transmission power and received power between the base 
station and the mobile station is perfectly equivalent to that of the first embodiment, when the adjacent carrier frequency 
is used, the condition in which the interference of adjacent frequencies power is equal to or less than the allowable value 
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is expressed by the equation (3). [prearranging the equation (3). the following equation (13) is obtained. 

R1 < Qintfmax + Pp2-Qp2 + Aadj ^ 3 j 

* 10135] Accordingly, Pmaxtmp is set by the following equation. 

Pmaxtmp = Qintfmax + Pp2 + Aadj-Qp2 ^ 



2lpr in 1 S USeS A aS PP2 - ' n ° rdef t0 P 6 ^" 1 * e com -™nication using the adjacent carrier frequency *e reS 
ZZ,^ e T S,at ' 0n 3t ^ Whe " ^ fransmissi °" P™* * equal to Prrixtmp must be Sua. to oVmoS 

^^3£ZZT n TZ?T*^'^" atthe « me ^^^missionplerXTe^ 
^i is equal to Pmaxtmp is given by the following equation (15). 

Qmax = Pmaxtmp-L1 MO 
=Qintfmax + Pp2 + Aadj-Qp2-Pp1 + Qp1 ' ; 0j 

Ea£^ 

i!? 1 t „ A ~ ortiing t0 this method ' when *e adjacent carrier frequency is used, the equation (13) is satisfied without 
makmg the transmission power larger than Pmaxtmp, so that the interference of : «fs2EXs^SE 
or less than the allowable value. When the transmission power in which a received qua ityTa target " taStZ 

q^eSTc^ 

d^L^T^S^ - a *TJ mrim ««* uetv » is used on| y ™> interference of adjacent frequen- 
^n n^K 2? transm,ss.on with Pmax. In this embodiment, a range where the adjacent carrier freouencv 

can not be used is narrowed by using Pmaxtmp smaller than Pmax frequency 

Sim'e^tSmfZ'T' ? T' 6 J -0 " ^ ^ in,erferenCe 0< ad * cent fre « uencies simi ' a "V *» the first 
toSSS I* Mrrier ' requ6nCy ^ ^ used is narrowed, so that me range where 

the adjacent earner frequency can be used is widened, resulting in an increase in a frequency efficiency. 

Sixth Embortimar^ 

cz ssiSffisiKsr me c * b w,em *- in r ° * ana - em6 ° t,m " — 

Z?l£Z%TZ™ m ' a *?Z 21 ""•»«*»««»lir»« M n w HWnsmissionpo^o^Bttirtvsmalle, 
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use th* StaH? I reCe,V6d ^ 0,52 iS Smal,er than ,hresnold ® tn3 ' the mobile station preferentially 
P cent earner frequency. When received power Qp2 is between thresholds Qth1 and Qth3 the Seste 
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[0148] Rg. 12 is a flowchart in which mobile station 21 sets a signal of the uplink channel and performs communica- 
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[0149] Next, when a request for communication with base station 11 occurs, mobile station 21 measures received 
power Qp2 of a perch channel of base station 61 in cellular system B in step 1001 . In step 1002, it is decided whether 
or not received power Qp2 is larger than threshold Qth1 . When Qp2 is larger than threshold Qth1 in step 1002, mobile 
station 21 requests a non-adjacent carrier frequency which is not adjacent to carrier frequencies Fb1 to Fb3 of cellular 

5 system B in step 1003. In step 1002, when Qp2 is equal to or less than threshold Qth1, mobile station 21 decides 
whether or not third threshold Qth3 is larger than Qp2 in step 1004. In step 1004, when Qp2 is equal to or less than 
third threshold Qth3, mobile station 21 requests either a non-adjust carrier frequency or an adjacent carrier frequency 
from base station 1 1 in step 1005. In step 1004, when threshold Gth3 is larger than Qp2, mobile station 21 requests the 
adjacent frequency in step 1006. Base station 1 1 determines the carrier frequency to be allocated in response to the 

;o request from mobile station 21 , and reports the carrier frequency to be allocated to mobile station 21 . Mobile station 21 
receives the allocation report in step 1007. 

[0150] Then, mobile station 21 starts communication using the carrier frequency reported from base station 1 1 in step 
1008. During the communication with base station 11, mobile station 21 measures the received power of the perch 
channel of each base stations 61 to 63 of cellular system B in step 1009, and adopts the received power of the perch 

15 channel of the base station closest to mobile station 21 as Qp2. The base station closest to mobile station 21 exhibits 
the largest received power. Next, mobile station 21 in step 1010 decides whether or not received power Qp2 is larger 
than threshold Qth1. In step 1010, when received power Qp2 is larger than threshold Qth1, mobile station 21 in step 
1011 decides whether or not the adjacent carrier frequency is being used. In step 1011, if the adjacent carrier frequency 
is being used, mobile station 21 requests the allocation of the non-adjacent carrier frequency from base station 1 1 in 

20 step 1012. 

[0151] In step 1010, when received power Qp2 is equal to or less than threshold Qth1 , mobile station 21 in step 1013 
decides whether or not threshold Qth3 is larger than received power Qp2. In step 1013, when threshold Qth3 is larger 
than received power Qp2, mobile station 21 decides in step 1014 whether or not the non-adjacent carrier frequency is 
being used. 

25 [0152] In step 1014, when the non-adjacent carrier frequency is being used, mobile station 21 reports to base station 
1 1 in step 1015 that the adjacent carrier frequency can be used. In the case where the carrier frequency is changed, 
base station 1 1 reports to mobile station 21 the determination of the change. 

[0153] Then, in step 1016, mobile station 21 decides whether or not the report for changing the carrier frequency is 
received. In step 1016, when the report for changing the carrier frequency is received, mobile station 21 changes the 
30 carrier frequency now in use to the carrier frequency reported, in step 1017. 

[0154] Finally, in step 1018, mobile station 21 decides whether or not the communication has been terminated, and 
if the communication has not been terminated, mobile station 21 continues the communication and iterates the proce- 
dure from step 1009. 

[0155] Next, an operation at the time of the frequency allocation of base station 11 in this embodiment will be 
35 described with reference to Fig. 13. An operation in changing the carrier frequency of base station 1 1 in this embodi- 
ment is the same as that of base station 1 1 in the first embodiment described by Fig. 8, and descriptions for it are omit- 
ted. 

[01 56] Upon receipt of the request for the carrier frequency allocation from mobile station 21 in step 601 , base station 
1 1 decides in step 602 whether the request for the carrier frequency allocation is for the non-adjacent carrier frequency 
40 and the adjacent carrier frequency, or for either the non-adjacent carrier frequency or the adjacent carrier frequency. 
[0157] Then, when the request for the carrier frequency allocation received from mobile station 21 in step 602 is for 
the adjacent carrier frequency, base station 1 1 determines the allocation of the adjacent carrier frequency in step 606, 
and transmits the report of the carrier frequency allocation to mobile station 21 in step 602. 

[01 58] Operations other than those described above are the same as those of the flow chart of Fig. 7, and description 
45 for them are omitted. 

[0159] In this embodiment, a method for setting threshold Qth1 is the same as that of the first embodiment. Further- 
more, third threshold Qth3 is set to be a smaller value than that of Qth1 . 

[01 60] According to this embodiment, since the adjacent carrier frequency is allocated to a mobile station where Qp2 
is fairly smaller than the first threshold and the non-adjacent carrier frequency is allocated to a mobile station where 
so Qp2 is close to the first threshold, a frequency of the carrier frequency change can be reduced while preventing the 
interference of adjacent frequencies similarly to the first embodiment. 

Seventh Embodiment 

55 [0161] Next, a method of preventing interference of adjacent frequencies in a cellular system according to a seventh 
embodiment of the present invention will be described. 

[0162] This embodiment is applied to the cellular system shown in Fig. 2 similarly to the third embodiment and is dif- 
ferent from the third embodiment only in the following points. 
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tinues the communication and repeats the operation from step 1110. 

[0175J When the non-adjacent carrier frequency is used for a signal of the uplink channel, also as a signal of the 
downlink channel, used is Ga1 or Ga2 that is a carrier frequency which is not adjacent to the carrier frequency of cel- 
lular system B. Furthermore, when the adjacent carrier frequency is used for a signal of the uplink channel, a signal of 
5 the downlink channel is selected among received powers Ga1 to Ga3, and used. 

[01 76] A method of setting threshold Qth2 in this embodiment is the same as that of the third embodiment. In addition, 
threshold Qth4 is set to be smaller than threshold Qth2. 

[0177] According to this embodiment, the interference of adjacent frequencies can be prevented similarly to the third 
embodiment. Moreover, when received power Qp2 is fairly smaller than the sum of the received power Qp1 and second 
10 threshold Qth2 during the use of the adjacent carrier frequency, mobile station moves during communication, whereby 
received power Qp2 comes to be larger than the sum of received power Qp1 and second threshold Qth2. Hence, a 
necessity to change the carrier frequency would be less, compared to the case where received power Qp2 is close to 
the sum of the received power Qp2 and second threshold Qth2. 

[01 78] In this embodiment, the adjacent carrier frequency is allocated to a mobile station in which received power Qp2 
is is fairly small compared to the sum of the received power Qp1 and second threshold Qth2, and the non-adjacent carrier 
frequency is allocated to a mobile station in which received power Qp2 is dose to the sum of received power Qpl and 
second threshold Qth2. Therefore, a frequency of the carrier frequency change can be reduced while preventing the 
interference of adjacent frequencies similarly to the third embodiment. 

20 Eighth Embodiment 

[0179] Next, a method of preventing interference of adjacent frequencies in a cellular system according to an eighth 
embodiment of the present invention will be described. 

[0180] In this embodiment, the mobile station comprises a movement speed estimator (not shown), and this embod- 
25 iment is the same as the first to seventh embodiments except that when a movement speed of the mobile station is 
larger than a certain threshold speed, the non-adjacent carrier frequency is allocated in spite of the fact that the adja- 
cent carrier frequency is used. 

[0181] Upon the movement of the mobile station, the received power of the perch channel varies in a short cycle by 
phasing. The movement speed estimator obtains the median of the received power, while receiving the received power 
30 of the perch channel of base station 1 1 with which a channel to be established. Then, the movement speed estimator 
counts the number of times of crossing of the received power value over its median, whereby the movement speed of 
the mobile station is estimated. 

[0182] In the beginning of communication between base station 1 1 and mobile station 21 , when the estimated move- 
ment speed is larger than the threshold speed, mobile station 21 requests an allocation of a non-adjacent carrier fre- 
35 quency, and base station 1 1 allocates carrier frequency Fa1 or Fa2 to an uplink channel, which is the non-adjacent 
carrier frequency. On the other hand, when the estimated movement speed is equal to or less than the threshold speed, 
base station 1 1 sets the carrier frequency and performs the communication by the method of the seventh embodiment, 
as described with reference to Fig. 14. 

[0183] According to this method, a frequency of the carrier frequency can be reduced, while preventing the interfer- 
40 ence of adjacent frequencies similarly to the seventh embodiment. When the movement speed of the mobile station is 
high during the usage of the adjacent carrier frequency, the amount of the variation of received powers Qp1 and Qp2 
during the communication is large. Therefore, received power Qp2 will be larger than the sum of received power Qp1 
and second threshold Qth2 due to the movement of the mobile station during the communication, so that a possibility 
that the carrier frequency change is required is comparatively large. In this embodiment, because the non-adjacent car- 
45 rier frequency is allocated to such mobile station, the frequency of the carrier frequency change can be more reduced. 

Ninth Embodiment 1 

[0184] Next, a method of preventing interference of adjacent frequencies in a cellular system according to a ninth 
so embodiment of the present invention will be described. 

[0185] The method of preventing interference of adjacent frequencies in a cellular system according to the ninth 
embodiment is applied to the cellular system shown in Fig. 15. The same reference numerals as those in Fig. 2 show 
the identical components. 

[0186] In the cellular system of Fig. 15, compared to the cellular system shown in Fig. 2, a cellular system C com- 
55 posed of base stations 161 to 169 and mobile station 171 is provided, instead of the cellular system C composed of 
base stations 61 to 63 and mobile station 1 71 . 

[0187] The cellular system C is a micro cellular system, and transmission outputs of base stations 161 to 169 are 
greatly decreased, compared to base stations 1 1 to 13 constituting the macro cellular system. 
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[0188] This embodiment is the same as the first to eighth embodiments except for the above-described portions. As 
described above, the two cellular systems including the macro cellular system and the micro cellular system exist in the 
same service area, and even when the sizes of them are diff^ent. the interference of acqacent frequencies can be pre- 
vented. 



5 
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Tenth Embodiment 

[0189] Next, a method of preventing interference of adjacent frequencies in a cellular system according to a tenth 
embodiment of the present invention will be described. 

[0190] The method according to this embodiment is applied to the cellular system assuming the structure shown in 
Fig. 16. The same reference numerals as those in Fig. 2 show the same components. 

[0191] In the cellular system of Fig. 16, compared to the cellular system shown in Fig. 2, a cellular system D com- 
posed of base stations 1 1 1 to 1 19 and mobile station 121 is provided, instead of the cellular system A composed of 
base stations 111 to 113 and mobile station 121. 

[0192] The cellular system D is a micro cellular system, and transmission outputs of base stations 1 1 1 to 1 19 are 
greatly decreased, compared to base stations 61 to 63 constituting the macro cellular system. 
[01 93] This embodiment is the same as the first to eighth embodiments except for the above-described portions. As 
described above, the two cellular systems including the macro cellular system and the micro cellular system exist in the 
same service area, and even when the sizes of them are different, the interference of adjacent frequencies can be Dre- 
20 vented. * 

Eleventh ErnhnHim^ 

[01 94] Next, a method of preventing interference of adjacent frequencies in a cellular system according to an eleventh 
25 embodiment of the present invention will be described. 

[0195] The method according to this embodiment is applied to the cellular system of Fig. 2, and carrier frequencies 
Fa1 to Fa3 are allocated to signals of the uplink channel of cellular system A; carrier frequencies Ga1 to Ga3. signals 
of the downlink channel thereof; carrier frequencies Fb1 to Fb3, signal of the uplink channel of cellular system B and 
earner frequencies Gb1 to Gb3, signals of the downlink channel thereof. 

[01 96] In cellular system A, it is assumed that while as the signal of the uplink channel, carrier frequencies Fa1 to Fa3 
are set in base stations 1 1 and 13, only carrier frequencies Fa1 and Fa2 are set in base station 12. On the other hand, 
it is assumed that while as signals of the downlink channel, carrier frequencies Ga1 to Ga3 are set in base stations 1 1 
and 13, only carrier frequencies Ga1 and Ga3 are set in base station 12. 

[0197] In cellular system B, it is assumed that as signals of the downlink channel, only carrier frequencies Gb2 and^ 
Gb4 are set in base station 61 , and only carrier frequencies Gb1 to Gb3 are set in base stations 62 and 63. On the other 
hand, it is assumed that while as signals of the downlink channel, carrier frequencies Gb2 and Gb3 are set in base sta- 
tions 61 , only carrier frequencies Gb1 to Gb3 are set in base stations 62 and 63. 

[0198] In this embodiment, when the mobile station of cellular system A selects the signal of the uplink channel, the 
mobile station measures the received power of the perch channel transmitted from a base station of cellular system B, 
and a base station in which carrier frequency Fb1 adjacent to a signal of the uplink channel of cellular system A is not 
set is excluded as an object to be measured. 

[0199] Since in base station 61, carrier frequency Fb1 isnotset, mobile station 21 excludes the received power of the 
perch channel of base station 61 as objects to be measured, and since base stations 62 and 63 use carrier frequency 
Fb1 , mobile station 21 measures the received power of the perch channel of each of these base stations, and selects 
and uses a signal of the uplink channel similarly to the first embodiment. 

[0200] Furthermore, with reference to the downlink channel, when carrier frequencies Fa1 , Fa2 and Ga3 are used in 
the uplink channel, the set of carrier frequencies Ga1, Ga2 and Ga3 is used. 

[0201 ] This embodiment is the same as the first embodiment except for the above-described portions. 
[0202] According to this method, among the base stations of cellular B, with respect to a base station using no signal 
adjacent to a carrier frequency of a signal used by cellular system A, a carrier frequency is selected without measuring 
a received power of its perch channel. However, there is no possibility that the mobile station gives the interference of 
adjacent frequencies to such base station. Moreover, with regard to other base stations, the application of the interfer- 
ence of adjacent frequencies can be prevented similarly to the first embodiment. 

[0203] In this embodiment, base stations 1 2 and 61 are supposed as base stations provided in the suburbs where the 
volume of traffic is small. In areas where the volume of traffic is small, a problem that all channels come to be busy 
hardly occurs in spite of decreasing the number of carrier frequencies used. For this reason, the measurement of the 
received power of the perch channel can be omitted by a limitation of the carrier frequencies which are set only to spec- 
Hied base stations like this embodiment. 
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Twelfth Embodiment ' 

[0204] Next, a method of preventing interference of adjacent frequencies in a cellular according to a twelfth embodi- 
ment of the present invention will be described, 
s [0205] This embodiment is equivalent to the first embodiment except that setting of the carrier frequency is different 
from that of the first embodiment. 

[0206] In this embodiment, the carrier frequencies shown in Fig. 1 7 are set in cellular systems A and B. 
[0207] Among the carrier frequencies shown in Fig. 17, in cellular system A, carrier frequencies Fa1 to Ga3 are allo- 
cated for signals of the uplink channel, and the carrier frequencies Ga1 and Ga3 are allocated for signals of the down- 
to link channel. On the other hand, in cellular system B, carrier frequencies Fb1 to Fb3 are allocated for signals of the 
uplink channel, and carrier frequencies Gb1 and Gb3 are allocated for signals of the downlink channel. 
[0208] While carrier frequency Fa3 of the uplink channel of cellular system A and carrier frequency Fb1 of the uplink 
channel of cellular system B are adjacent to each other, the signals on downlink channel of cellular system A and the 
signals of the down are apart from each other. 
is [0209] Also in the case where though the frequency bands belonging to the different cellular systems are not adjacent 
to each other of the downlink channel, the frequency bands belonging to the different cellular systems are adjacent to 
each other of the uplink channel, the interference of adjacent frequencies can be prevented perfectly similar to the first 
embodiment. 

20 Thirteenth Embodiment 

[021 0] Next, a method of preventing interference of adjacent frequencies in a cellular system according to a thirteenth 
embodiment according to the present invention will be described. 

[021 1 ] In the first to twelfth embodiments, the interference of adjacent frequencies applied to the base station by the 
25 mobile station is prevented by selectively using the carrier frequencies of the uplink channel. In this embodiment, by 
selectively using the carrier frequencies of the downlink channel, the interference of adjacent frequencies applied to the 
mobile station by the base station is prevented. * s. 

[0212] Generally, since a transmitter of the base station exhibits a higher suppression degree for a leakage power to *.% 
a signal of an adjacent frequency compared to a transmitter of the mobile station, the interference of adjacent frequen- 
30 cies by the downlink channel is not a severe problem as long as the interference of adjacent frequencies by the uplink 
channel is prevented by monitoring. However, in some cases, in the case where the suppression degree for the leakage . .* 
power of the transmitter of the base station is low, a possibility that the interference of adjacent frequencies by the down- 
link channel will be a problem is expected. 

[0213] In this embodiment, compared to the first embodiment, mobile station 21 uses threshold QmtM instead of « \. 
35 threshold Qth1, and when received power Qp2 exceeds threshold Qmthl, mobile station 21 changes the carrier fre- 
quency of communication channel 41 of the downlink channel, and the interference of adjacent frequencies from base 
station 61 is prevented. 

[0214] A method for obtaining threshold Qmthl will be described below. 

[0215] Hereupon, an interference of adjacent frequencies signal power from base station 61 in mobile station 21 is 
40 denoted as Qmintf, and a suppression amount for a leakage power to an adjacent frequency is denoted as Absadj. 
Pbs2 denotes a transmission power of base station 61. Values other than these are the same as those of the first 
embodiment. 

[0216] When a transmitter of base station 61 is structured so that a power of the interference of adjacent frequencies 
from carrier frequency Gb1 to carrier frequency Gb3 in mobile station 21 is smaller by the suppression amount Absadj 
45 than a received power of carrier frequency Ga3 in base station 21 , threshold Qmintf is computed by the following equa- 
tion (16). 

Qmintf = Pbs2-L2-Absadj (1 6) 

= Pbs2-Pb2 + Qp2-Absadj 

50 

[021 7] When an allowable value of the interference of adjacent frequencies signal power of base station 21 is denoted 
as Qmintfmax. the condition that the interference of adjacent frequencies signal power is equal to or less than the allow- 
able value is expressed by the following equation (17). 

55 Qmintfmax > Qmintf > Pbs2-Pp2 + Qp2-Absadj (1 7) 

[0218] By rearranging the equation (17), the following equation (18) can be obtained. 
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Qp2 < Qrrtintfrnax+Absadj+Pp2-Pbs2 



(18) 



w 



15 



[0219] Accordingly, even when a transmission power of the base station takes maximum value Pbsmax (maximum 
power value that can be transmitted by the base station), the condition that the power of the interference of adjacent 
frequences is equal to or less than the allowable value is expressed by the equations (19) and (20). 

Qp2 < Qmintfmax + Absadj + Pp2-Pbsmax (1 gj 

Qmth 1 = Qmintfmax + Absadj + Pp2-Pbsmax (20) 

frl^- T'* nCy ° ,the "P^anne! fe selectively used in order to prevent the interference of adjacent 
frequenc,es rn the second to twelfth embodiment. Instead of this, if the carrier frequency of the downlink channel is 
selectively used s.m,.arly to the thirteenth embodiment, the interference of adjacer7freq?encies apS to SSZ 
station from the base station can be prevented. e 
[0220] In the above-described embodiments, though thresholds Qth3 and Qth4. and threshold speed are a fixed value 
Z mo° ™ IST"? *1! ? reSent inven,i0n iS 001 ,imited 10 this ' these values are ,lexib| y m ay *>* changed according 
Iri theC 3 Si9 " al ° f "* rarrier ,reqUenCy ' 3 Channel qualrty - an interference signal pTer 

20 Fourteenth Embodiment 

EL.?? f r e1h0d °L preventin 9 interference of adjacent frequencies in a cellular system according to a fourteenth 
embodiment of the present invention will be described. 

« 2 2221 . '?I he fore9 ° in9 ,ilSt embodiment - mobile station 21 decides whether or not received power Qp2 of the perch 

tZllT 6 iS ' ar9er tha " threSh0 ' d and a re P° rt to ^ an J2«S nonSK 
SSSlESS ^ O" a cement result. However, in this embodiment, a comparison of the received power 
Qp2 of the perch channel of base station 61 with threshold Qthl is not made in mobile station 21 . but the comparison 
is made in base station 1 1 . Specifically, mobile station 21 measures received power Qp2. and reports the measurement 

so SSSd'SitSi 1 ' ln base stetion 11, the comparison of *• measura «ue of SJiZZSZZ 

•°? 4 L fl0WChart 0< Fig - 18 com P ris es ^ ™ in stead of steps 702 to 704 of Fig. 6. and comprises step 717 
as SS p 5 ?! 08 10 712 01 Fi °- 6 - 0 " wr S,epS - Rg - 18 are Procedures as ftose of Fig. 6 

noof • °P eration rt bas e station 21 in this embodiment will be described with reference to Fig 18 

S . ^^"f J > K COmmUniCati0n " ah 1)356 Station 11 occure ' mobile ^on 21 measures received power 
Qp2 of a perch channel of base station 61 in cellular system B in step 701 . Subsequently, mobile station 21 reports 

SSSS 0 ^ 10 T Stati0n 1 1 in 716 ' ^ 8tetion 1 1 deteTmines the earner frequency^ 

40 iS^SS * T"? POW8r QP2 rep0rted from mobi,e stetion 21 • and it to mobile station 2?. Mobile sta- 
40 tion 21 receives the allocation report in step 705. 

ste^ TOe™ 6 "' m ° bile St3ti0n 21 $tertS COmmunication "Sins ^e carrier frequency reported from base station 1 1 in 

!! 2 i 8 L^ U H bSeq T ,ly ■ mobilestatio n 21 measures received power Qp2 of a perch channel of each of base stations 61 

power Qp2 of the perch channel of the base station closest to mobile station 21 . In this base station, the received power 
is maximum. 

[0229] Based on received power Qp2 reported from mobile station 21 , base station 1 1 decides whether or not the 

t!T££ZZ H'Z eqU6nCy n0W in USe t0 ,he reported carrier freC|uenc * ^ " step 71 5. mobile station 
2 not the communication is terminated, if the communication has been terminated, mobilestation 

c^ure J^n ^".cation has not been terminated, mobile station 21 rterates the foregoing pro- 

55 chartof fJmT" 8 ""* ° Perati0n ° f b3Se Ste,i0n 1 1 iP thiS embodiment wi " be desc n' b ed with reference the flow- 

™< 1 80 1 " ^ 513,10,1 1 1 reC6iveS the rep0rt oonoerning received power Qp2 sent from mobile station 

21. This step 1801 corresponds to step 716 in Fig. 18. Then, in step 1802. base station 11 decides whether or not 
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received power Qp2 is larger than threshold Qth1 . When received power Qp2 is larger than threshold Qth1 in step 
1802, base station 1 1 selects a non-adjacent carrier frequency in step 1803. In step 1802, when received power Qp2 
is equal to or less than threshold Qth1 , base station 1 1 selects either a non-adjacent carrier frequency or an adjacent 
carrier frequency in step 1804. Subsequently, base station 11 sends an allocation report for the selected carrier fre- 
5 quency to mobile station 21 in step 1805. This step 1805 corresponds to step 705 in Fig. 18. 

[0233] Subsequently, in step 1806, base station 1 1 starts communication with mobile station 21 using the carrier fre- 
quency selected in base station 1 1 . 

[0234] Furthermore, as shown in step 707 of Fig. 18, mobile station 21 measures received power Qp2 of the perch 
channel of each of base station 61 to 63 in cellular system B even during the communication, and sends a measure- 
To ment result of received power Qp2. Base station 1 1 receives the report concerning received power Qp2 in step 1807. 
[0235] Then, in, step 1 808, base station 1 1 decides whether or not received power Qp2 received from mobile station 
21 is larger than threshold Qth1. When received power Qp2 is larger than threshold Qth1 in step 1808, base station 1 1 
decides whether or not the adjacent carrier frequency is being used, in step 1809. When the adjacent carrier frequency 
is being used in step 1809, base station 1 1 selects the non-adjacent carrier frequency in step 1810. 
15 [0236] In step 1808, when received power Qp2 is equal to or less than threshold Qth1, base station 11 decides 
whether or not the non-adjacent carrier frequency is being used, in step 1 81 1 . In step 1811, when the non-adjacent car- 
rier frequency is being used, the base station 1 1 decides whether or not a load of the carrier frequency now in use is 
larger than a load of the adjacent carrier frequency, in step 1812. In step 1812, when the load of the carrier frequency 
now in use is larger than the load of the adjacent carrier frequency, base station 1 1 selects the adjacent carrier fre- 
20 quency instep 1813. 

[0237] Other than the foregoing described cases, base station 1 1 does not perform the change of the carrier fre- 
quency. In step 1814, base station 1 1 decides whether or not there is the change of the carrier frequency, and when 
there is the change of the carrier frequency, base station 1 1 sends a carrier frequency change report to mobile station 
21. This step 1815 corresponds to step 713 in Fig. 18. 

25 [0238] Finally, in step 1816, base station 1 1 decides whether the communication has been terminated, and if the com- 
munication has been terminated, base station 1 1 finishes the procedure. If the communication has not been terminated, 
base station 1 1 continues the communication, and iterates the foregoing procedure from step 1807. 
[0239] The method of preventing interference of adjacent frequencies in a cellular system according to this embodi- 
ment will be described more concretely below. 

so [0240] The base station sends carrier selection rule information (i.e. , information concerning a carrier frequency which 
the mobile station has an obligation to measure) by a BCCH (Broad Cast Channel; report channel), and the mobile sta- 
tion receives the carrier selection rule information from the base station. The mobile station and the base station select 
the carrier frequency based on the following procedure (a) to (i). 

35 (a) When the mobile station starts communication with the base station, the mobile station measures received 
power of carrier frequencies directed by carrier selection rule information, and reports a measured result to the 
base station using a non-adjacent frequency (i.e., a carrier frequency which is not adjacent to a carrier frequency 
paired with the measured carrier frequency). 

(b) The base station receives the measured result from the mobile station. 
40 (c) When the measured received power is larger than a threshold, the base station selects an adjacent carrier fre- 
quency. When transmission power that is measured and received is equal to or less than the threshold, the base 
station randomly selects a carrier frequency which can be used among the allocated carrier frequencies. 

(d) The base station sends a call-setup direction, and informs the mobile station of the selected carrier frequency. 

(e) The mobile station starts communication using the selected carrier frequency. 

45 (f) During the communication, the mobile station measures received power of carrier frequency as directed in the 
carrier selection rule information at a certain time interval, and reports the measured result to the base station. 

(g) The base station received the measurement result from the mobile station. 

(h) If the received power is larger than the threshold and the mobile station is using an adjacent carrier (i.e., a car- 
rier frequency that is adjacent to a carrier frequency paired with the measured carrier frequency), the mobile station 

50 selects a non-adjacent carrier frequency, and informs the mobile station of an inter-frequency handover direction 
and the selected carrier frequency. 

(i) When the mobile station receives the inter-frequency handover direction from the base station, the mobile station 
starts the inter-frequency handover for the selected carrier frequency. 

55 [0241 ] Hereupon, the call-setup direction is a direction for setting a channel, and the inter-frequency handover is an 
operation to change a carrier frequency now in use to a different carrier frequency. 



BNSDOCID: <EP 0946072A1_I_> 



21 



EP0946072A1 

-Fifteenth E mbodiment 



SSL^ a * me,h0d 2 • reVentn9 interference of ad i acent frequencies in a cellular system according to a fifteenth 
embodiment of the present invention will be described. 

* SI. embodiment mobile station 21 decides whether or not received power Qp2 of the perch 

h ° n E ' S 3r9er th3n * e SUm ° f ^ received VO»m Qp1 oMne Sch chlnne cS 

base stebon 1 1 . and mobile station 21 performs the report requesting either a non^equency earner ^uency or an 

« S? e 1t*^^^ isnotmade 

Z?SLf2 1 '"k 6 5131,0,1 1 1 • mobile static 21 measures received power Qpfi and receS 

%Z£t£? 'T™ 6386 Stati0n 11 ° f * hese values - ^ comparison of received povT^2 L meTm of 
threshold Qth2 and received power Qp1 is made in base station 11 ^ SUm 0f 

' 5 Sst« iSrSS.^/? 20 o C T 5riSeS SteP 818 inSlead ofs,e P s803to in the flowchart of Fig. 10. and com- 
SmT^e^X 10 ^ ^ ■* ,l0WChart ° f 10 <** 5,6,55 in ^ ,,WChart 01 Fi9 ' 20 " *« 

folSl SSn^S 0 ^ ° f mobilestat,on 21 in this embodiment will be described with reference to Fig. 20. 
20 2J2 . ^ a request for communication with base station 1 1 occurs, mobile station 21 measures received power 
?. 2 ITh ennel of base station 1 1 in cellular system A in step 801 . and further measures reSivS poweX 

ZSZfiST * !f 61 in Ce " U,ar system B in ste P S 02 - Subsequently, mobile stetio^TTnZs base 
station 11 of the measured powers Qp1 and Qp2 in step 81 8. mrormsoase 

kSLt f? 356 5 k'! 0 " 1 1 determines a camer frequency to be allocated based on received powers Qp1 and Qd2 
2s Z£ 21 ^ ^ m ° bile ^ 21 ° f * Mobile **" 21 'eceivesKoS,n wS 

cX^ZL a ° * ' 1 Stat,0n 21 measures received power °P 1 01 a Pe^ channel of base station 11 in 
^SS^X^ ? COmmunication ' and ««• ^tion 21 further measures received power Sp2 of a 

E£ SET ^ 11^ e m tfL 61 10 ■"J" Ce " U,ar 5y5tem 8 5160 ^ Then ' in 5160 819 ' ™ b i.e a Sion 2 ? 
inrorms Dase station 1 1 of the measured received powers Qpl and Qp2 

Sir n f 3 !!l 0n ,he r T ived P0Were 001 and 002 informed from "^bile station 21, base station 11 determines 
steosTmob^ 

bee' termed The n^ e Sfn^fT 7 communication »« been terminated, if the communication has 

'° 5*2. NSXt ' * e ^ erationof base station 11 in this embodiment will be described with reference to the flowchart of 

S e ^ rst -|" sta P. 2001 - base station 11 receives the report concerning received powers Qp1 and Qp2 sent from 

Silt , Th ^ 5teP 2001 COrreSp ° nds to ste P 81 * Fig. 20. Then, in step^02 base sSion \ TdecS 

^XSr^^hL 8 lar9 % th3n 3 5Um 0< r6CeiVed ^ QP1 « * ; steP 2002,7f 
receded power Qp2 is larger than the sum of received power Q P 1 and threshold Qth2, base station 1 1 selects a non- 

EZ2!T?f£ I 003 ' ' n 5,SP 2002> " receK,ed *»« <** is «»* to or ' aa * *an the sum ^ rSS power 
!?step1oor ' ^ ^ 11 5616015 an adiacent ™™ « a " adjaoertSS,^ 

12 2i n ™ s eP S tSn^T 5,3ti0n ,1 1 S6ndS 3 " 3ll00ati0n rep0rt the se,ected carrier frequency to mobi.e 

w^m* ? 2 fu^r POndS ^ SteP806in Fi9 - 2 °- ^ inste P 2 °°*. base station 11 starts communication 
wm i mobile station 21 using the carrier frequency selected in base station 1 1 

mScMrll J! SySten l A even dunn 9 the communication and sends it. As is shown in step 809 mobile station 21 

the^ Fn QP2 0< 3 Per ° h Channel 0f each 01 base nations 61 to 63 in celluTar system B aS sTnds 

02561 J^SS Z St6P . 2 ° 07, 6356 St3,i ° n 1 1 reC6iVeS the rep0rtS COncerni "9 received iSmSrtSSS^ 
™J ^1 ' basestaton 11 decides whether or notreceived power Qp2 that has bee^vSfetaraertiian 

qZS SSS.'SJ ^r 0 " 0, " Pwer S larger than the suTofTe eS pTer 

QP1 and threshold Qth2 ,n step 2008. in step 2009 base station 11 decides whether or not an adjacent carrieTTe- 
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quency is being used. If the adjacent carrier frequency is being used in step 2009, base station 1 1 selects a non-adja- 
cent carrier frequency in step 2010. 

[0257] If received power Qp2 is equal to or less than the sum of received power Qp1 and threshold Qth2 in step 2008, 
in step 201 1 base station 1 1 decides whether or not the non-adjacent carrier frequency is being used. If the non-adja- 
5 cent carrier frequency is being used in step 201 1 , in step 2012 base station 1 1 decides whether or not a load of the 
carrier frequency now in use is larger than a load of the adjacent carrier frequency. If the load of the carrier frequency 
now in use is larger than the load of the adjacent carrier frequency in step 2012, base station 1 1 selects the adjacent 
carrier frequency in step 2013. 

[0258] Besides the foregoing described cases, base station 1 1 does not perform the change of the carrier frequency. 
w In step 2014, base station 1 1 decides whether or not there is a change of the carrier frequency. If there is a change of 
the carrier frequency, base station 11 sends a carrier frequency change report to mobile station 21 in step 2015. The 
step 2015 corresponds to step 815 in Fig. 20. 

[0259] In step 201 6, base station 1 1 decides whether or not the communication has been terminated. If the commu- 
nication has been terminated, base station 1 1 finishes the procedure. If the communication has not been terminated, 
is base station 1 1 continues the communication, and repeats the foregoing procedures from 2007. 

[0260] In this embodiment, it is satisfactory that mobile station 21 reports a difference between received powers Qp1 
and Qp2 to base station 1 1 instead of reporting received powers Qp1 and Qp2 to base station 1 1 . In this case, steps 
2002 and 2008 will be the procedures for comparing Qth2 with Qp2 - Qp1 . 

[0261] In the fourteenth and f ifteenth embodiments, the decision procedure for the threshold and the received power 
20 which are measured in the mobile station in the first and third embodiments is performed in the base station. Also in the 
second, fourth to thirteenth embodiment, the mobile station may inform the base station of the measured received 
power or the movement speed, and the decision procedures between various kinds of thresholds and them may be per- 
formed in the base station. 

[0262] Furthermore, in the first to fifteenth embodiments, in the case where the mobile station in cellular A measures 
25 the received power of the perch channel in cellular system A during the communication, the mobile station in cellular A 
repeatedly measures the received power of the perch channel in cellular system B during the communication until the 
termination of the communication. However, the present invention is not limited to this, the received power may be 
measured in a certain time interval which is previously determined or in a time interval every the report to the mobile 
station which is performed by the base station. Or, the received power may be measured in a time interval which is 
30 determined according to a movement speed of the mobile station so that the received power is measured in a short time 
interval in proportion to the movement speed of the mobile station which is estimated by the mobile station or the base 
station. The received power may be measured when the mobile station measures the received power of the perch chan- 
nel of cellular system A and the received power changes in a predetermined rate. As described above, various ways 
are conceived. With any way, the present invention can be implemented without any trouble. 
35 [0263] Furthermore, in the first to fifteenth embodiments, one channel in a frequency band used in cellular system A 
is set as a carrier frequency adjacent to a frequency band of a down or uplink channel used in cellular system B. The 
present invention is not limited to this. The present invention can be applied to the case where a plurality of channels 
are set as an adjacent carrier frequency. 

[0264] Moreover, in the first to fifteenth embodiments, when a mobile station measures a received power of transmit- 
40 ting signals of a base station belonging to another cellular system, the mobile station measures the received of the 
perch channel. The present invention is not limited to this. The present invention is similarly applied to the case where 
a received power of a signal other than that signal in another cellular system is measured, as long as this signal is the 
one that is transmitted by the base station. It is satisfactory that the mobile station may measure all received powers in 
a frequency band of a carrier frequency which the base station belonging to another cellular system uses for transmit- 
45 ting. The mobile station may measure a received power of a control channel other than the perch channel. 

[0265] While preferred embodiments according to the present invention have been described using specific terms, 
such description is for illustrative purposes only. 

Claims 

50 

1 . A method of preventing interference of adjacent frequencies wherein two cellular systems comprising a plurality of 
base stations and at least one mobile station utilizing frequency bands adjacent to each other for an uplink: channel 
are provided in a same service area, and signal for the uplink channel used by a mobile station of one cellular sys- 
tem may cause interference of adjacent frequencies to a base station of the other cellular system, said method 
55 comprising the steps of: 

at the mobile station of said one cellular system: 

measuring a received power of signals transmitted from the base station of the other cellular system; and 



23 

BNSDOCID: <EP 0946072A1 J_> 



2. 



3. 



10 



is 



EP 0946 072 A1 

at the base station and the mobile station of said one cellular system: 

if the measured value is larger than a threshold value, using a carrier frequency that is not adiacnt m th* m 
sari other cellular system as a carrier frequency of an uplink channel. ' * ** * 

^Tf?!''? according to 1 - ^^i" said threshold value is determined depending on the amount of suoores 
s.on of leakage power to an adjacent frequency of said mobile station. ^ 

o^celSs^m tranSm,SS '° n P °* ir 0< tranSmittin9 Si9nalS fransmitted from « base station of t 

at the mobile station of said one cellular system- 

Shlf IT? 3 ' 15 ' a t ° arrier frequenCy ,hat is not ad ' acent 40 a ramer frequency of the uplink channel used bv 
ml^L S) 2 em Wh6n 8 Si9nal for 916 downlink channel * corWuously receive * 

at the base station and the mobile station of said one cellular system- 
at the mobile station of said one cellular system- 

rf said upper level is below a transmission power in the case of SIR at the base station of said one cellular =„c 



25 



30 



45 



55 



at said mobile station of said one cellular system- 

aTeSsE^ °I? 9nai f- ,r ° m 4,16 base **" ° f 1,18 ^her cellular system; 

ai me Dasestaton and the mobile station of said one cellular system- 

of'^S^ 

La^r^ Va ' Ue iS $ma " er 1ha " ° r equal 10 a second mreshold value which is smaller than said first 
threshold value, usmg a earner frequency that is adjacent to that of said other cellular sySm as a canier fre- 
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quency of an uplink channel. 

8. The method according to daim 7, wherein said first threshold value is determined based on a difference between 
a transmission power of signals transmitted from a base station from which a channel is established to said mobile 

s station and a transmission power of signals transmitted from a base station of said other cellular system. 

9. The method according to claim 7, wherein said first threshold value is determined based on a received power of 
signals transmitted from a base station of said one cellular system. 

10 1 0. A method of preventing interference of adjacent frequencies wherein two cellular systems comprising a plurality of 
base stations and at least one mobile station utilizing frequency bands adjacent to each other for an uplink channel 
are provided in a same service area, and signal for the uplink channel used by a mobile station of one cellular sys- 
tem may cause interference of adjacent frequencies to a base station of the other cellular system, said method 
comprising the steps of: 

15 

at said mobile station of said one cellular system: 

estimating a speed with which said mobile station is on the move; and 

at the base station and the mobile station of said one cellular system: 

if the estimated movement speed is larger than a threshold speed, using a carrier frequency that is not adja- 
20 cent to that of said other cellular system as a carrier frequency of an uplink channel. 

11. The method according to claim 10, wherein said step of estimating a speed includes the steps of obtaining median 
of a received power of a perch channel transmitted from the base station, and counting the number of times that 
the value of said received power crosses said median for a certain period of time. 

25 

1 2. The method according to claim 1 , wherein said step of measuring a received power includes the step of measuring 
a received power of signals transmitted from said base station of the other cellular system, using information, trans- 
mitted from the base station of same cellular system, of central frequencies of signals for the downlink channel 
used by a base station of the other cellular system. 

30 

13. The method according to claim 1, wherein said step of measuring a received power includes the step of measuring 
a received power of signals transmitted from said base station of the other cellular system, using information, pos- 
sessed forehand by said mobile station, of central frequencies of signals for the downlink channel used by a base 
station of the other cellular system. 

35 

14. The method according to claim 1 , wherein said one cellular system is a micro-structured cellular system in which 
the transmission power of each base station is smaller than a predetermined value, and the other cellular system 
is a macro-structured cellular system in which the transmission power of each base station is larger than said pre- 
determined value. 

40 

15. The method according to claim 1 , wherein said one cellular system is a macro : structured cellular system in which 
the transmission power of each base station is larger than a predetermined value, and the other cellular system is 
a micro-structured cellular system in which the transmission power of each base station is smaller than said prede- 
termined value. 

45 

16. A method of preventing interference of adjacent frequencies wherein two cellular systems comprising a plurality of 
base stations and at least one mobile station utilizing frequency bands adjacent to each other for an uplink channel 
are provided in a same service area, and signal for the uplink channel used by a mobile station of one cellular sys- 
tem may cause interference of adjacent frequencies to a base station of the other cellular system, said method 

so comprising the steps of: 

at the mobile station of said one cellular system: 

measuring a received power of signals transmitted from the base station of the other cellular system in which 
a carrier frequency adjacent to a carrier frequency of said other cellular system is allocated as a carrier fre- 
55 quency of an uplink channel; and 

at the base station and the mobile station of said one cellular system: 

if the measured value is larger than a threshold value, using a carrier frequency that is not adjacent to that of 
said other cellular system as a carrier frequency of an uplink channel. 
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17. A method of preventing .nterference of adjacent frequencies wherein two cellular systems comprising a plurality of 

m0bBe Statl '° n U,i ' i2in9 <requenCy tan * adiaCert t0 «* 0,her *>' a *■** chan 
ne I are provded in a same serv.ce area, and signal for the downlink channel used by a base station of one cellular 

at the mobile station of said other cellular system: 

measuring a received power of signals transmitted from the base station of said one cellular system- and 

at the base station and the mobile station of said other cellular system- 

Va '"f is larger than a tnresno,d usi "9 a ^rier frequency that is not adjacent to that of 
sa.d one cellular system as a carrier frequency of a downlink channel. 

18 " ^ZS^T^ ,0 , daim 1 ■ Wher6in 8aW Step ° f ^"'ngareceived power includes the step of measuring 
a perch channel in s.gnals transmitted from the base station of the other cellular system. 

1 9 ' fr^u^^Z*! Cl8im 1 • 88id «" * U8in9 a ««*™» incl ^ a step of using a carrier 

SnTof a lT J , l k ° 3 ?T er freqUenCy 01 d0wn,ink channel 01 ,ne <** cellular system as a carrier fre- 
quency of a downhnk channel, rf said mobile station and said base station use a carrier frequency not adjacent to 
a earner frequency of the other cellular system as a carrier frequency of an uplink channel 

20. A method of preventing interference of adjacent frequencies in a cellular system comprising the steps of: 
at the mobile station: 

ZX'^iT^ T * thS Carri6f fre< ' uencies dir ected in the earner selection rule information at the 
time the mobile station starts communication with the base station- 

SSlSinf measurement result to the base station using a non-adjacent carrier frequency that is not adja- 
cent to the earner frequency paired with the measured carrier frequency- 
at the base station: 

receiving the measurement result from the mobile station; 

HS5Z a n n o n ' a | d 5 Cent ffequenCy if the measured received P«w ^ "arger than a threshold value and 
ofcfSlue; ° am8r eqU6nCy * meaSUfed r6CeiVed ^ iS 6qual t0 ° r Smal,er * an *» thres ™ 

sending a call-setup direction, and informing the mobile station of the selected carrier frequency 
at the mobile station: " 
starting communication using the selected carrier frequency 

time interval, and reporting the measurement result to the base station- 
at the base station: 

receiving the measurement result from the mobile station; 

dfrS ! Z^2f^ Cart "iS 8qUOncy " 3nd informing lhe mobi,e ^ 01 an irrter-frequency handover 
T r6CeiVed P ° Wer iS ' ar9er 1han 406 tnreshold value 3011 *e mobile station is using an 
adjacent earner frequency that is adjacent to the carrier frequencies paired with the measured carrier ffequen- 

at the mobile station: 

starting inter-frequency handover to the selected carrier frequency. 

21 ' rlTf^n^TH" 9 interferenc . e 01 ad *cent frequencies wherein two cellular systems comprising a plurality of 
at ,east one mobile steti °" "Bang frequency bands adjacent to each other for an J** 
tern Z « 1 serv,ce araa - and si 9™' for the uplink channel used by a mobile station of onTcelto sys 

S^^CJT 08 ,acent frequendes t0 a tese station * me other ce,lu,ar System ' «* met ^ 

at the mobile station of said one cellular system- 
tern o f ^ transmission signals transmitted from a base station of the other cellular sys- 

TjT^^anlT'T Va ' Ue ° f thC reC6iVed *"* t0 3 6356 station of one ce""lar system; 
at said base station which said measured value is transmitted to- 

larger than a threshold value and reporting said selected carrier frequency to said mobile station; and 
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' at the mobile station of the one cellular system! 
using said reported carrier frequency for an uplink channel. 

22. The method according to claim 21, wherein said threshold value is determined depending on the amount of sup- 
5 pression of leakage power to an adjacent frequency of said mobile station. 

23. The method according to claim 21 , wherein further comprising the steps of: 

at said mobile station of said cellular system: 
10 measuring a received power of transmission signals transmitted from a base station of said one cellular sys- 

tem: 

transmitting said measured value to said base station of said one cellular system; 

at said base station of said one cellular system: 

determining said threshold value based on said measured value. 

15 

24. The method according to claim 21 , wherein said threshold value is determined depending on a difference between 
a transmission power of signals transmitted from a base station from which a channel is established to said mobile 
station and transmission power of signals transmitted from a base station of the other cellular system. 

20 25. A method of preventing interference of adjacent frequencies wherein two cellular systems comprising a plurality of 
base stations and at least one mobile station utilizing frequency bands adjacent to each other for an uplink channel 
are provided in a same service area, and signal for the uplink channel used by a mobile station of one cellular sys- 
tem may cause interference of adjacent frequencies to a base station of the other cellular system, said method 
comprising the steps of: 

25 

at said mobile station: 

measuring a received power Qp1 of a downlink carrier frequency of said one cellular system, and measuring 
a received power Qp2 of a downlink carrier frequency of the other cellular system; and 
if a difference between the received power Qp1 and the received power Qp2 is larger than a threshold value, 
30 using a carrier frequency not adjacent to a carrier frequency of the other cellular system, as a carrier frequency 

of an uplink channel. ^ 

26. The method according to claim 25, wherein said step of using a carrier frequency includes a step of using a carrier 
frequency which is not adjacent to a carrier frequency of said other cellular system as a carrier frequency of a 

35 downlink channel, if said mobile station selects a carrier frequency not adjacent to a carrier frequency of said other 
cellular system as a carrier frequency of an uplink channel. 

27. A method of preventing interference of adjacent frequencies wherein two cellular systems comprising a plurality of 
base stations and at least one mobile station utilizing frequency bands adjacent to each other for an uplink channel 

40 are provided in a same service area, and signal for the uplink channel used by a mobile station of one cellular sys- 
tem may cause interference of adjacent frequencies to a base station of the other cellular system, said method 
comprising the steps of: 

at said mobile station: 

45 if said mobile station is using a carrier frequency adjacent to a carrier frequency of said other cellular system 

as a carrier frequency of an uplink channel, measuring a received power Qp1 of a downlink carrier frequency 
of said one cellular system, and measuring a received power Qp2 of a downlink carrier frequency of the other 
cellular system; and 

if a difference between the received power Qp1 and the received power Qp2 is larger than a threshold value, 
so changing a carrier frequency of uplink channel to a carrier frequency not adjacent to a carrier frequency of the 

other cellular system. 

28. The method according to claim 27, wherein said step changing a carrier frequency of uplink channel includes a 
step of; 

55 

if a carrier frequency of an uplink channel is changed to a non-adjacent carrier frequency which is not adjacent 
to a carrier frequency of the other cellular system, when a carrier frequency adjacent to the carrier frequency 
of the other cellular system is used as a carrier frequency of a downlink channel, said mobile station changing 
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29. A cellular system comprising: 
a plurality of base stations; and 

£'£lS! e r m0b '' le ■ rt f° n fc far •* Mrth » ™ and a downlink channel with one or more base 

stations to communicate therewith, measuring a received power of signals transmitted from a taMtttad 
anofcer ce War system, and when the measured value is larger than a thresnXvSue^ ?JS££ 
quency not ad,acent to that of the other cellular system as a carrier frequency of an uplink Zne. 

30. The cellular system according to claim 29, wherein said threshold value is determined dependino on a amount of 
suppress-on of leakage power to an adjacent frequency of said mobile station. 9 

31 ' iri 0 ! 111 " 8 ' aCC ° rdina to 29, Wh6rein Said threshold va)ue is determined depending on the received oower 
ofttnetransm«,ng^ 

32 ' ^nn^'^f em according to claim 29. wherein information of central frequencies of signals for the downlink- 

34. A cellular system comprising: 

so a plurality of base stations; and 

s^^ m ° bile Z fof establishin 9 30 "P |ink fennel and a downlink channel with one or more base 
stations to commumcate therewith, using a earner frequency not adjacent to a carrier frequency oTanX^I 

cellular system at a time of receiving the downlink channel intermittently, and if the measured value of the 
received power ,s larger than a threshold value, using a carrier frequency not adjacem to tta oflaW other 2 
lular system as a carrier frequency of an uplink channel 
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35. A cellular system comprising: 



a plurality of base stations; and 

lll^LT m0bi ' e ^ for establishin 9 an "P |ink fennel and a downlink channel with one or more base 
"T""? 6 therewith; measurin9 a received P 0 *^ 01 fransmitting signals transmitted frZa base 
e^ 

hi ^ ' ^ww* to be equal to or less than an allowable value based on a measured value of 
fte receded power; and if the upper limit value of the transmission power is equal to or less fra 7 receded 
t^acarrier^ 3 *hen a SIR in said base station is an target value, using^canier fr^u^cy not adjacent 
to a earner frequency of said other cellular system as a carrier frequency of an uplink channel 

so 36. A cellular system comprising: 

a plurality of base stations; and 

at least one mobile station for establishing an uplink channel and a downlink channel with one or more base 
£2?!? C °T ,nK ff therewrth; mea ^ng a receded power of transmitting signals transmit Z a Se 
station of another cellular system; if the measured value of the received power is larger than a ftrsXeshSn 
value using a earner frequency not adjacent to that of said other cellular system as fiS friueTcy of an 

va.ue smaller than said first threshold value. us.ng a earner frequency adjacent to that of said other cellular sys- 
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tern as a carrier frequency of an uplink channel. 



37. The cellular system according to claim 36, wherein said first threshold value is determined depending on a differ- 
ence between a transmission power of transmitting signals transmitted from a base station from which a channel is 

5 established to said mobile station and a transmission power of transmitting signals transmitted from a base station 
of said other cellular system. 

38. The cellular system according to 36, wherein said first threshold value is determined depending on the received 
power of the transmitting signals transmitted from said base station from which a channel is established to said 

10 mobile station. 

39. The cellular system according to claim 29, wherein using information of central frequencies of signals for the down- 
link channel used by a base station of the other cellular system, the information reported from the base station of 
a cellular system to which said mobile station belongs, said mobile station measures a received power of a trans- 

15 mission power of transmitting signals transmitted from said base station of the other cellular system. 

40. The cellular system according to claim 29, wherein said mobile station measures a received power of transmitting 
signals transmitted from said base station of another cellular system, using information, possessed forehand by 
said mobile station, of central frequencies of signals for the downlink channel used by a base station of the other 

20 cellular system. 

41. A cellular system comprising: 

a plurality of base stations; and 
25 at least one mobile station for establishing an uplink channel and a downlink channel with one or more base 

stations to communicate therewith, estimating a movement speed and if the movement speed is larger than a 
certain threshold speed, using a carrier frequency not adjacent to that of said other cellular system as a carrier 
frequency of an uplink channel. 

30 42. The cellular system according to claim 41 , wherein said mobile station obtains a median of a received power of a 
perch channel transmitted from the base station, and counts the number of times that the value of said received 
power crosses said median for a certain period of time, thereby estimating the movement speed. 

43. A cellular system comprising: 

35 

a plurality of base stations; and 

at least one mobile station for establishing an uplink channel and a downlink channel with one or more base 
stations to communicate therewith; measuring a received power of only a perch channel in transmitting signals 
transmitted from a base station other than a base station in which a carrier frequency adjacent to a carrier fre- 
40 quency of a signal for the uplink channel is not used among base stations of another cellular system; and if a 

measured value of the received power is larger than a threshold value, using a carrier frequency not adjacent 
to that of the other cellular system as a carrier frequency of an uplink channel. 

44. A cellular system comprising: 

45 

a plurality of base stations; and 

at least one mobile station for establishing an uplink channel and a downlink channel with one or more base 
stations to communicate therewith; measuring a received power of transmitting signals transmitted from a base 
station of another cellular system; and if the measured value of the received power is larger than a threshold 
so value, using a carrier frequency not adjacent to that of the other cellular system as a carrier frequency of a 

downlink channel. 

45. The cellular system according to claim 29, wherein said mobile station measures a received power of a perch chan- 
nel in transmitting signals transmitted from a base station. 

55 

46. The cellular system according to claim 29, wherein when said mobile station uses a carrier frequency not adjacent 
to that of the other cellular system as a carrier frequency of an uplink channel, said mobile station uses a carrier 
frequency not adjacent to that of the other cellular system as a carrier frequency of a downlink channel. 
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47. A cellular system-eanprising: 
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50 
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from the base station, us*g ^n^^^tT" * to be used is informed 

a plurality of base stations for selecting a^SXn^ n » T" rt •* Dnte channe| : and 

the measured value of the received power to he 1°P ? * "* ^ mobile stafon - and sends 

^«°n:a^ 

constrtuting a cellular system together with sa" SeSon. 58 ° ^ h0m * 1)386 ^ 

established to said mobile station and a^ZSSJtS^J^ T 3 **** Stati0n from ««* a ^ne! is 
of the other cellular system. transm.ss.on power of transmitting signals transmitted from a base station 

52. A cellular system comprising: 

a plurality of base stations; and 

candidates adownfinkcr^nti^ <* ■ ^uency as an allocation 

of another cellular system; and if a differed ^Z^^^ B ^ ,nq ^^ a ^^ a ^ 
larger than a threshold value using a received power Qp2 is 
system, as a carrier frequency ^ 

^uencyadiacenttoa 

54. A cellular system comprising: 

a plurality of base stations; and 

adjacent to a carrier frequenc?*^ iS perf0rmed ^ * carrier frequent 

ing a received power Qpt of a carrier 1 ^Zt^lT^^ ^ •***■«■«. 
QP2 of a carrier frequency of a downlink channel ^e otn P ! rT M ' meaSUnng 8 received P°»" 
received power Qpi and the received powe S Hs la "* " 3 difference the 

mobile 5^ uses a .^J^ 'SbSSIS of " *" Ce,,U,ar S ^ em if -* 

downlink channel, said mobile station chanS also aril ? * System as a carrier fre W* of a 
quency not adjacent to that of the other cell? system " ** d ° Wn ' ink Channel to a fre 
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